The catchment of the Congo River basin contains an extensive forest-savanna mosaic, which once harbored significant populations of lions (Panthera leo), African wild dogs (Lycaon pictus), and spotted hyenas (Crocuta crocuta). The mosaic's northern part, stretching across the Republic of Congo and southern Gabon, is today geographically isolated. Uncontrolled hunting has led to a gradual decrease in its ungulate populations, and today African wild dogs are considered extinct within the Congo Basin. Lions and spotted hyenas suffered an extreme collapse of their respective former ranges, and in the Republic of Congo both species are believed to survive exclusively in the Odzala-Kokoua National Park (OKNP). We surveyed all extensive savanna areas within this park, to determine the current status of savanna carnivores. We conducted 460 km of track searches on foot, and operated 25 remote camera traps across the survey area over 424 trap-days. We detected no sign of lion presence in the park. Spotted hyena tracks were widespread, and our camera traps recorded 154 hyena photographs, representing 46 different individuals. We also recorded leopard (Panthera pardus), serval (Leptailurus serval), and African golden cat (Caracal aurata) within the survey area. Although lions are likely extinct in the Republic of Congo and neighboring Gabon, our results highlight the importance of OKNP for the regional conservation of spotted hyenas and smaller savanna carnivores.
In the 1940s, lions, African wild dogs, and spotted hyenas still occupied all suitable open habitat within the forestsavanna mosaic (Malbrant and Maclatchy 1949) . The dramatic range loss that occurred over the following decades is poorly documented, and was most likely tied to a massive reduction in wild prey. Pastoralism was never extensively practiced by the inhabitants of the forest-savanna mosaic, and the wild game that constituted the major source of animal protein was traditionally killed in well-organized net-hunts (Dusseljé 1910) . Although larger species such as forest buffalo (Syncerus caffer nanus) and forest elephants (Loxodonta cyclotis) were not very vulnerable to this form of hunting (Dusseljé 1910) , hunting with guns gradually replaced the traditional nethunting, and the larger species soon disappeared from densely populated landscapes (Malbrant and Maclatchy 1949) . This trend continued, and today the forest buffalo is largely absent from southern and central Congo and southeastern Gabon, and the largest remaining population in the forest-savanna mosaic is thought to occur in today's Odzala-Kokoua National Park (OKNP) in northern Congo (East 1999) . By 1990, African wild dogs were considered extinct in Congo and neighboring Gabon (Woodroffe et al. 1997) , whereas lions were restricted to 2 populations, 1 on the Gabonese Batéké Plateau (Henschel 2006 ) and the other in OKNP (Dowsett 1995) . During a regional lion conservation workshop for West and Central Africa in 2005 (International Union for the Conservation of Nature and Natural Resources [IUCN] 2006), it was concluded that although the Gabon population was probably extinct, urgent field surveys were needed to establish the status of the OKNP population (IUCN 2006) . Spotted hyenas were considered to have been reduced to 2 resident populations, both situated in Congo, with 1 population in the coastal Conkouati-Douli National Park, and the other in OKNP (Mills and Hofer 1998) . Although no signs of hyena presence were found in Conkouati-Douli in the past 15 years (H. Vanleeuwe, Wildlife Conservation Society, pers. comm.), the species was considered present in OKNP several years prior to our study (Aveling and Froment 2001) . The range map of the spotted hyena currently recognized by the IUCN Red List still considers the species present in coastal Congo, although it does not record its presence in OKNP ( Fig. 2A ; Höner et al. 2008) .
In July-September 2007, we surveyed all suitable open habitat in OKNP, to determine the current status of lions, spotted hyenas, and other savanna carnivores in OKNP. Although numerical assessments of lions and spotted hyenas frequently rely on call-ups (see Ogutu and Dublin 1998), we were not able to employ this technique, because most of the survey area was accessible only on foot. We decided against the use of interviews, because of the unsuitability of interview data for providing accurate measures of population status (Quiroga et al. 2014) , and its inconsistence in detecting particularly recent species' declines and local extirpations (Burton et al. 2011) . We therefore employed a combination of track surveys and camera trapping during our survey; 2 techniques deemed highly efficient for the detection of large carnivore presence (see Silveira et al. 2003; Thorn et al. 2010) . We discuss the implications of our findings for the conservation of lions, spotted hyenas, and other carnivore species in the Congo.
MATERIALS AND METHODS
Study area.-Odzala-Kokoua National Park is Congo's largest protected area, since its extension in 2001 when park size increased from 2,800 km 2 (Odzala National Park sensu stricto) to 13,600 km 2 (Aveling and Froment 2001). As part of this extension, the Lékoli-Pandaka Faunal Reserve (encompassing savannas north of the Lékoli River; see Fig.  1B ) and the Mboko Hunting Concession (just south of the Lékoli River) were absorbed into the park, incorporating approximately 850 km 2 of open habitat along the Lékoli River. This is the only extensive area of open habitat situated within the park, making up approximately 6% of the OKNP's area (Fig. 1A) . The area is best described as a forest-savanna mosaic, with dense gallery forest along the deeper river valleys, and extensive savanna areas dominated by Graminae (mainly Andropogon schirensis), with scattered fire-resistant shrubs (Hymenocardia acida and Annona senegalensis -Bermejo 1999) .
Historical records of lion occurrence in OKNP.-The savannas of OKNP have been described as the last stronghold for lions in Congo (Dowsett 1995) . The species first received limited protection in the area through the creation of the Lékoli-Pandaka Faunal Reserve and the Mboko Hunting Concession in 1955, which allowed lion trophy hunting (Hecketsweiler et al. 1991) . A limited number of lions were hunted annually in these 2 protected areas which, by 1978, was fixed at 1 lion annually for both sites combined (Dowsett and Dowsett-Lemaire 1997) . Despite low quotas, lions were reported to decrease in numbers and become more secretive (Dowsett and Dowsett-Lemaire 1997) . From 1992 onward, lions were only very rarely observed in the Mboko Hunting Concession (P. Hecketsweiler and J. Mokoko Ikonga, pers. comm ; at the time, Hecketsweiler worked for IUCN, and Ikonga for the local ECOFAC project (acronym explained below). In 1994, 2 males were repeatedly seen near a hunting camp, where they attacked and killed a park employee, and were destroyed by a professional hunter (Dowsett and DowsettLemaire 1997) . Following this incident, very few substantiated records of lion presence were obtained in this area, and most occurred within a few months after the killing. However, park guards reported that lions were still occasionally heard north of the Lékoli River, in the Lékoli-Pandaka Faunal Reserve. Nonetheless, no unequivocal evidence of lion presence has been produced from the area since 2 individuals (a male and a female) were observed in the Mboko Hunting Concession in January 1995 (Dowsett and Dowsett-Lemaire 1997) .
In contrast, spotted hyenas and leopards (Panthera pardus) are regularly recorded by protected area staff, mainly through the observation of tracks (Maisels 1996) . Common prey species within the savanna areas of OKNP include forest buffalos, bushbucks, yellow-backed duikers (Cephalophus silvicultor), and red river hogs (Potamochoerus porcusDowsett and Dowsett-Lemaire 1997).
Track survey.-We employed a combination of track surveys and camera trapping. Studies comparing the effectiveness of different large carnivore survey techniques identified track surveys as the most appropriate method in terms of detection efficiency, effort, and cost (Thorn et al. 2010) , followed by camera trapping (Silveira et al. 2003) . We conducted track searches along roughly predefined survey circuits, always walking along game trails, dry riverbeds, old park roads, or other features that are commonly used as travel routes by lions and other large carnivores. These circuits incorporated habitat features that could be expected to attract larger herbivores, such as water reservoirs, floodplains, salt licks, and marshes, or other sites with high herbivore abundance indicated by park guards. We recorded global positioning system ''tracklogs'' along survey circuits, and continuously scanned the ground for tracks of large carnivores while walking. We identified tracks based on their characteristics and size following Stuart and Stuart (2003) . For clearly visible large carnivore tracks on suitable substrate, digital photographs were taken with a photographic ruler placed adjacent to the pugmark.
Camera trapping and capture-recapture analysis of camera-trap data.-We mounted 25 camera-trap units (35-mm DeerCam 200; Non Typical, Inc., Green Bay, Wisconsin) along survey circuits, aiming for approximately 5-km spacing between traps. We placed single camera-trap units at locations showing large carnivore use, or at otherwise promising landscape features that appeared to attract potential lion prey, and could therefore be expected to attract lions and other large carnivores. We fastened camera-trap units to a tree or shrub at 2-to 3-m distance from the game trail, at a height of approximately 45 cm.
Unlike lions, spotted hyenas and leopards are boldly marked, and photographs of their flanks allow for identification of individuals (Holekamp and Smale 1990; Henschel and Ray 2003) . For naturally marked carnivore species for which we obtained sufficiently large numbers of photographic captures, we employed capture-recapture models to estimate population size and density for our study area (see Karanth 1995) . We created a capture history for each identified individual, and estimated population size and density based on those capture histories, following analytical protocols standardized for camera-trap studies on naturally marked carnivores (see Karanth and Nichols 2002) . We estimated population size using computer program CAPTURE (Rexstad and Burnham 1991) , and calculated population density by dividing population size estimates by the effectively sampled area (Karanth and Nichols 2002) . The effectively sampled area is defined as the camera-trap polygon, plus a buffer strip equivalent to half of the mean maximum distance moved by animals captured on more than 1 occasion (Karanth and Nichols 2002) .
RESULTS
Between 21 July and 30 August 2007, we completed 460 km of track searches along survey circuits covering all larger expanses of open habitat within OKNP (Fig. 1B) . The 25 camera traps placed along survey circuits (Fig. 1B ) ran for 18-27 days. We lost 1 unit each to spotted hyenas and a technical failure, whereas the remaining 23 units operated reliably for a total of 424 trap-days, during which they recorded 512 animal captures.
Large carnivore presence and abundance.-Neither track searches nor camera traps produced any sign of lion presence (Table 1) . We found leopard sign on 5 occasions, and camera traps photographed leopards 6 times ( Table 2) . We recorded direct observations, vocalizations, and other field evidence for spotted hyenas (Table 1) , and our camera traps produced 154 hyena captures, making them the most frequently photographed species (Table 2) . Our records confirm the occurrence of a resident spotted hyena population in OKNP, approximately 300 km north of their current recognized range within Congo ( Fig. 2A ; Höner et al. 2008) .
Although the paucity of photographic captures of leopards precluded an estimation of population size, we obtained sufficient records to apply capture-recapture statistics to our spotted hyena data set. Of 154 hyena photographs we obtained, 143 were sufficiently clear to permit the identification of individuals (Fig. 3 ). Similar to prior camera-trap studies using single camera traps (e.g., O'Brien et al. 2003) , we used a subset of photographs that showed the same flank of the animal for individual identification, resulting in a subset of 80 right-flank photographs for our analysis. Within this subset we identified 46 different individuals, of which 18 were periodically recaptured (Table 3 ). The mean maximum distance moved of recaptured individuals was 7.7 km, which resulted in an effectively sampled area of 554 km 2 (Table 3 ). The CAPTURE model choice function produced the highest score (1.0) for model M h , which assumes heterogeneity in capture probabilities among individual spotted hyenas. The population size estimate using this model was 88 6 16 individuals, with a corresponding population density of 15.89 6 3.92 individuals/ 100 km 2 for the surveyed area (Table 3) . Small carnivore presence.-We recorded 6 species of small carnivores (Table 1) . Notable records include the sympatric occurrence of African golden cats (Caracal aurata) and servals (Figs. 2 and 4), which we recorded at the same camera-trap site. Our serval captures represented 3 different individuals, judging from coat patterns, and all belonged to the rare ''servaline'' form, which has small, freckled spots (Fig. 4A) . We obtained repeated direct observations of Egyptian mongooses (Herpestes ichneumon), extending the species' confirmed range approximately 350 km northeast of its current known range in Congo ( 
DISCUSSION
Our survey results strongly suggest that lions no longer persist in the OKNP, the species' last potential stronghold in Congo. We readily detected other carnivore species, including much smaller and less conspicuous ones (Table 1) , and our extremely high photographic capture rate of spotted hyenas (Table 2) suggests that our camera traps successfully targeted areas where large carnivores were most active. It therefore seems unlikely that lions were present in OKNP during our survey but went undetected. That lions were present outside the park also appears unlikely, because the savanna areas south of OKNP no longer contain larger wild prey species (East 1999) , nor any livestock that could serve as prey. Additional interview surveys in communities bordering the park or remote call-up stations using camera traps might have helped to confirm the results of our study. Our findings, corroborated by the lack of evidence of lions in OKNP (or anywhere else in Congo) since 1995, makes it unlikely that the species still persists in the country. Given that the Gabon population is considered extirpated (IUCN 2006; Henschel 2009 ), this strongly suggests that lions are now extinct in the isolated northern part of the Western Congolian forest-savanna mosaic.
Reasons for the extinction of the Odzala lions: a missed opportunity. Lions were still regularly observed in Odzala at the onset of the ECOFAC Odzala project (Dowsett and Dowsett-Lemaire 1997) , and the Odzala population was described in ECOFAC publications as the ''last population of lions in forested Central , just southeast of the park (see Fig.  1A ), was not included into the extension, an area that would have more than tripled the available lion habitat under protection. Furthermore, until the present survey and despite the availability of funding for ecological research and monitoring under the ECOFAC project, no prior attempt was made to establish the status of the OKNP lion population. Instead, research and monitoring activities were concentrated in the dense forest areas and targeted mainly forest taxa. An ISI Web of Science (Thompson Scientific, New York, NY) search for articles on research conducted in Odzala during the duration of the ECOFAC Odzala Project (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) gives an indication of this focus. Of 19 articles, 7 focused on western gorillas (Gorilla gorilla), with the remainder covering forest elephants (3), other forest mammals (3), forest flora (3), birds (2), and fishes (1).
That the OKNP lion population eventually became extinct is not surprising. The population was small, probably below 20-30 individuals in the early 1990s (Dowsett 1995) , and had been isolated from other lion populations for several decades. Savanna areas outside OKNP were exposed to uncontrolled bushmeat hunting, and no longer supported larger ungulates that could have served as a prey base for lions (East 1999) . Consequently, lions were restricted to the approximately 850 km 2 of suitable lion habitat within OKNP, which, given the relatively low biomass of forest-savanna mosaics in Central Africa (Tutin et al. 1997) , was likely too small to sustain a viable lion population. That no decisive actions were taken by the well-funded ECOFAC Odzala project to assess and improve the status of this last lion population represents a missed opportunity, and should serve as a reminder for the repeated failure of large integrated conservation and development programs to meet stated conservation objectives (McShane and Wells 2004; Blom et al. 2010) .
Is there a role for lion reintroduction in Congo-Gabon?-The Congo-Gabon lion population had a unique conservation value, due to its geographic isolation and local adaptation to a rain-forest-savanna mosaic, which it shared with emblematic rain-forest species such as western gorillas and central chimpanzees (Pan troglodytes troglodytes). Although the adaptive traits of this now extinct population are presumably lost, both Congolese and Gabonese wildlife authorities have expressed interest in the reintroduction of lions. Given the high cost and complexity of large carnivore reintroductions, a number of factors have to be considered thoroughly when deciding whether reintroduction should be attempted. These include whether reintroduction will make a significant contribution to the survival of a species or the functionality of an ecosystem (IUCN 1998; Bergl et al. 2007 ); biologicaltechnical aspects, such as the availability of protected habitat, prey, and suitable release stock (IUCN 1998); organizational aspects, such as the availability of adequate human and financial resources for the reintroduction (Yalden 1993) ; and valuational aspects, such as the local perception of wildlife in general, and attitudes toward the reintroduction of a specific large carnivore in particular (Reading and Clark 1996) . The above factors should all be addressed in an initial feasibility assessment that should precede any well-planned reintroduction program (IUCN 1998) .
In considering OKNP as a possible reintroduction site, the extent of suitable lion habitat within the park is unlikely to be sufficient for the establishment of a viable, self-sustaining population (IUCN 1998 ). Accordingly, a prerequisite of potential lion reintroduction in OKNP should be the inclusion into the park of the approximately 2,000 km 2 of uninhabited forest-savanna mosaics southeast of OKNP (see Fig. 1A ). This expanse of open habitat is currently without formal protection and does not harbor sufficient prey to support resident large carnivores, so adequate protection would be essential alongside possible park expansion. Similarly, in the Batéké Plateau, the last former stronghold of the lion in Gabon, the possible establishment of a transboundary population between Gabon and Congo relies on first restoring prey populations. Batéké Plateau National Park in Gabon and the proposed BambamaLékana National Park across the border in Congo will together protect almost 6,000 km 2 of intact forest-savanna mosaics. Because of uncontrolled hunting preceding the establishment of Batéké Plateau National Park in 2002, and ongoing hunting on the Congolese side, potential prey is depauperate and patchily distributed (Bout 2006) . The augmented protection of these parks focusing on increasing the ungulate populations is an essential 1st step if the restoration of a lion population in this landscape is to become feasible in the future.
Founder individuals for potential lion reintroductions should be wild-caught (Hunter et al. 2013b) , and should originate from populations from south of the Congo River, considering that skeletal remains from lions in Gabon shared the same haplotypes with extant populations in southwestern Africa (Barnett et al. 2006) . Founders could come from relict, unprotected populations in southwestern Democratic Republic of Congo or northeastern Angola.
Conservation implications for spotted hyenas.-The OKNP hyena population is the only known resident population in Congo-Gabon, the loss of which would mean the extinction of the species from the isolated northern part of the Western Congolian forest-savanna mosaic. Individual spotted hyenas have been recorded in recent years in neighboring Gabon, with 1 camera-trap record in 2003 in the forested Ivindo National Park (Henschel and Ray 2003) and track records from a forestsavanna mosaic in southeastern Gabon in 2009 (Bout et al. 2010) . However, subsequent surveys in those same areas could not confirm the continued presence of spotted hyenas. Those sightings as well as dead individuals found in Equatorial Guinea (Juste and Castroviejo 1992 , Wildlife Conservation Society) and northeastern Congo (F. Maisels, pers. comm.) are likely to represent unsuccessful dispersal events from the Odzala population.
The small size of the area currently occupied by the species and the complete isolation of this population make it likely that inbreeding and loss of genetic diversity has occurred (Frankham 2009) . A study to assess the genetic diversity of this population and to investigate the need for population supplementation to enhance the genetic diversity is currently underway (T. Bohm, pers. comm., Institute for Zoo and Wildlife Research (IZW), Berlin). Irrespective of whether an introduction of unrelated individuals into the OKNP population is deemed necessary, the range and size of this population should be increased. As for lions, the best prospect for this would be inclusion and protection of the uninhabited forestsavanna mosaics southeast of OKNP. Another long-term prospect might be the establishment of a 2nd population of spotted hyenas in the center of their former range in CongoGabon, the Batéké Plateau. The restoration of a hyena population in this landscape would serve 2 conservation goals simultaneously. First, the establishment of a 2nd protected population would increase the prospects for the long-term survival of this species in Congo-Gabon. Second, because large-bodied, social carnivores that are capable of killing comparatively large prey and reaching high population densities can be expected to have the greatest impact on ecosystem function (Woodroffe and Ginsberg 2005) , the restoration of spotted hyenas would be an important step toward the restoration of ecological functionality in the Batéké Plateau.
More immediately, we recommend an update of the IUCN Red List range map for spotted hyenas in the isolated northern part of the Western Congolian forest-savanna mosaic ( Fig. 2A ; Höner et al. 2008) , which includes range areas that are now most likely extirpated (e.g., coastal Gabon-Congo, southeastern Congo, and Cabinda), as well as Ivindo National Park in Gabon, where only 1 transient individual was recorded in 2003 (Henschel and Ray 2003) ; and excludes the only known resident population in OKNP.
Conservation implications for other carnivore species.-The photographic capture rate for leopards was low in this study (Table 2 ) compared to camera-trap studies in rain-forest sites in Gabon (Henschel et al. 2011) . Leopards were recorded at camera-trap stations only in dense forest habitat, suggesting that leopards make little use of open savanna areas, potentially in response to competitive pressure from dominant spotted hyenas. Although adult leopards are rarely killed by spotted hyenas (Hunter et al. 2013a ), a leopard making a kill in the open, treeless savanna of OKNP would likely have minimal chances of defending the kill once detected by hyenas.
However, considering that almost 94% of OKNP consists of dense rain forest in which leopards are dominant and spotted hyenas barely occur, OKNP has significant value for the longterm conservation of leopards in northern Congo. We would recommend targeted studies on leopards in the dense rainforest areas of OKNP to assess the size and status of the population in this park.
We recorded the sympatric occurrence of African golden cats and servals in OKNP. Although the golden cat is well represented in the dense-forest protected areas in northern Congo, OKNP is currently the only protected area in the country where the presence of the servals has been unequivocally confirmed. Historically, the species also was considered present in the Congolese Batéké Plateau. However, its occurrence in the only formally protected area in this landscape in Congo, the Lesio-Louna Reserve, has not yet been confirmed (Mathot et al. 2006 ). We strongly encourage field studies to investigate the species' current distribution in the country, including occurrence in protected areas with suitable open habitat. The serval currently is not protected under Congolese law (IUCN 1989 ), and we recommend its inclusion on the country's list of protected species.
All serval photos obtained during the present study represented the rarer ''servaline'' form of the species, which had caused debate among early taxonomists. Ogilby (1835) described it as a new species, the servaline (Felis servalina), in 1835, and his view was shared by Pocock (1907) , who had examined specimens of this form from southern Uganda, and also viewed it as a distinct species. The same author, however, later obtained evidence from Sierra Leone suggesting that serval and servaline forms can occur in the same litter, and concluded that both forms are merely varieties of 1 species, the serval (Pocock 1917) . Subsequent reports have illustrated the wide variability of maculation within populations and it is now widely accepted that serval and servaline represent 2 extremes of genetic variation within the species (Wilson and Mittermeier 2009; Hunter and Bowland 2013) . Malbrant and Maclatchy (1949) , who carried out the 1st comprehensive faunal inventory of Congo and Gabon during colonial times, however, still considered serval and servaline (French name: servalin) as 2 separate species in their works. Gabon therefore erroneously lists both as separate, partially protected species under Gabonese law (Ministère des Eaux et Forêts 2011) . Future updates of legal documents and species' inventories must take into account that both forms represent the same species, Leptailurus serval. Malbrant and Maclatchy (1949) recorded the presence of the Egyptian mongoose in Congo, citing records from the Cuvette department in central Congo as well as from the Pool department in southeastern Congo. The current IUCN Red List range map of the species only includes coastal Congo (Cavallini and Palomares 2008) , and our records establish its present approximately 350 km northeast of its current recognized range in Congo, in the Cuvette-Ouest department (Fig. 2D) . We recommend updating of the species' range map, including a recently documented range extension for neighboring Gabon (Bahaa-el-din et al. 2013 
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